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Olxwrvatiolls  sho\Y t h a t  IIcnvly Clllergillg flux tclIds  to  a])lwar  on tlIc soliIr

Sllrfacc at sites  \Y]Icrc tlICIC is  flux a]IyJ:I(ly. ‘1’llis  results i]] clustcri]ls  of solar

actii’ity.  S t a n d a r d  dyIIa IIIO tllcorics  do ]Iot ]Jrdict this cfkt. hlorm~’cr,  tllc

mean field ])rdictd  l~y dyllalllo  tllcories  is too \veali to CIIIeIgC  al tlIc sulfacc

of the S1111.  ‘1 ’0  so]vc tile  ])1’OI)lCII1  J1’c sllggcst to t2iliC  into  accollllt  fluctuatitlg

fields gclleratd  by tlIc dyIIaIIIO. ‘1’IIc lllagiletic  fields eIIIcrgc at tllc  solar surfdw

wlIcH the total fic]d (tl Ic IIImTI field p]us a fluctuation)) cxcwds tllc  tllrcsllold

for ljuoyal~cy. A  slmvly cl]allgillg C7111allcctncl]t  ill lIIcall  field, ])rdictd 1)1’

illstal)ility tllmrim, ])ro~’iclcs  a l)ersistcll(  Imsis (’”l IuIII])”  ) for elllelgcllcc’ of tllc

fluctuating field. ‘l)lIC cllllztllc(lll(llts  arc slo~v]y destroyed l)y tlIc solar dif[’crmlt  ial

rotatiml,  thr tillle scale of Ivllicll  dcfi IIm tile life-tillle of clusters of acti~itj. ;1

silnplc 2-dilnellsiollal  II1OC1C] rxj)]aillill~  t]le a])])carallcc  of ])crsistcllt  c lusters  of

elnerging  flus is prcwwltcd.



1. lntroductioll

Nlqydic  fields Clnergi]lg OII tlIe solar surrdcc  initiate  tllc  solar  acti~’it~. ‘1’lle distril)utioll

of the fields carries clues  to tl~c Illecllallislll  of II}agllctic fic]d gmlmatioll.  Ollc striking

feature of tl]is distril~utioIl  is clustering of actilrc  regions  into  large-scale ])attcr[ls callc~l

‘Lcolllplcxcs  of activity” (I;ullll)il  al)d llo~val’d  1965, (;aizauslias ct a l .  19S3,  llan(~ S_

Zfvaan 1 993). ‘1’lIc COIII])lCX of act il’ity is dcfillul  as a cl(lstcr  or scqIIcIIcc of act ilc rcgiolls

(hi]mlar mag]lctic structures)  ~vl]icll  arc rclate{l 1)) ])roxilllit~r  and  l)J co]ltilluitj  o f  tl]cir

(’111 (’l’g[’llc[’. Colnplexcx  of activity arc ty])ically  for]llcd  Jvitllill  a  so la r  mtatio]l  and  li\c

tjl)ica]ly 3 to 6 so la r  rotatiol]s  d~lrillg Jvllicll  tlIey  are rcfrcslled  hy repcatd illjcctiolls  o f

lnagtldic  flux. ‘lllICW  flux illjcctiolls  a])])car all(l disal)]war  ill ra])id,  ])lllSCliliC sucwssioll

(Zirin  1974, Gaizalls]iasctal. 19S3). It is tlIe tcll(lctlc~’of  IIlagtleticflux  to clncrgc IIcar or

]vitlli]l  regio]ls  of  existcl]t flux tlIat  results  ill clustcrillg.

‘1’llr  ]Jllysical  lnecllallislll  oftllc  clustering lrlllaills  LllllillO\$’11. ‘1’11(’ classical coIIcc])l  of

elncr~illg  flux (I]al)cocli  1961, l)arlicr 1979) is l)asml olI tllc  idea of a Illagllctic  100]) rising

fro])) tllc  coll~’ccti~czolle  to ilIc solar  s~lrfacc  (lIIC to l)uo~’allc~’. ‘I’l Ic IIlaglletic  100])s ar(’

ass[llllml to be caused I)J’ illstal)ilitim o f  tllc  largcscalc, lneall  IIlagtldic  [ield  gellcratml  l)}”

tllc’joillt action oftllecliffclelltial  rotatiol]  aIId II I(aII IIrlicityof  tll(’cc)lll[’ctioll  (lIlralI-fi(l(l

dynamo). ‘1’hemcall-ficlcl  clyIlal]lo(xlJlaills  tl]cljasics  oftllr sulls])ot  CJCIC: tile  \lalllIdcl

ljuttcrfly  diap,ralll and  IIalc’s  latv o f  tllc  fie](l  ])olarities, and  I)re{licts  a stlollg  toloi(lal  fiel(l

ill tllc con~’cction zollc ( co f .  Mofldtt  197S, l)iil’li(’I’  1!)7’9,  Krause & l{iidlcr  l%’], Zcl(loiicll

et al. 19S3).  IIlstabilitim  t h a t  coIIl(l  lead  to  tll(~ forltlatioll  of  cl~lcrgili,g  IIlagtlctic  lm)])s al’c

studied  aIId illcorl)oratd  ill(o self- collsistcllt  lilodcls  of  s torage, illstal~ility  aIId djllalllical

cru])tioll  of magllctic  flux tul~cs ill tll(~ coll~’wlioll ZOIIC (see Sclliisslcret  al. 19!)-1, IIl(lllllllcll,

(Iattallw)  &  ‘1’oomre 19(i5, (~aligari ct al. 1995 alI(l refcrcllccs  ill tllcsc  ]Ja])crs). /\ccor(lillg

to tile  i n s t ab i l i t y  mode l s ,  \vlIcII  tllc  ficl(l  strength  of a toroidal flllx tulw stool at tllc
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‘J’llis  })al)cr suggests that solutions to I)ot]l j)IwljlcIIIs,  of illsu[licicllt  ficl(l  strcllgtll to

cIIIerge  aIICl  o f  t]lc  c]ust,cljllg,  call Ijc follll(l I)y taking  into  accoul]t  tllc  I’all(loll],  fluct~latillg

IIlagllctic  fields il~ additiol]  to tl)c regular,  II ICa II field.  Altlloll~ll  it is l~ot easy to (ll?ll:i(lfliz(~

tllc  fluctuatil)g  f i e l d s ,  (Ileir  exist ctlcc i s  sLIl)]mItcd  1)~, c)l)s(l\.:]tic)]]al  aII{l tl]corct  ical st~](lics,

ol~scrlmtiolls  cvidrllcc,  for exaIIIl)le,  that lIo single  larp,c flllx tul)c  clncr~cs  Ivllf’11 s(lllsl)ots

arc forllled.  IIlstead, tllc  sullsl)ot  IIlagtlctic  fiel(l is asse IIll)ld over a 1)(’lied of IIours all(l

( I s ) ’ s  tllloug]l  tllc l)rogrmsivc  gat]lorillg  of IIIaII~’ flllx  tul)cs  (X~vaall ]97S).  III accor(l  Ivitll

tllesc oljscr~wtiolls,  it has  I)ccll  ])oil}tccl  out that tllc  sulls]~ot  field a])l)ears  a s  a  (Ijllalllical

cluslcril)g  of” mal}y scf)arat  c flllx t ul)m  (l)?ll’li~l’ 1 9T9). Molw)t’cr, tl)c  lnost  of IIlagllctic  fll[x

Clncvgillg  oll the solar surfidcc  is a])l)arellt]y  associated Jvitll  fluctuatil]g  field. ‘1’llc Itlagllctic

flux Clllerging  ill acti~c regions  rcl)rcscl~t  tllc  largescalc  CIId of a colltilluolls  cll]cl~illg  flllx

s])cctruln (l{al~ill  et al,, 1991, Stc]lflo 1992). ‘J)llmrcticallJ’,  tllc  generation  o f ’  flllctllatitlg

fields ill tllesolalcoll~’ectioll  zollcall(l tlleirrolcil)  tllegcllrratioll  oftllclll(allfifl(l  IIzis I)wli

Ividcly discussecl:  for early stuclics sw for exaIIl])lc l(rausc S.: l{iidlcr  (19S1),  7kldo\icll  ct al .
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(19$3), for nulncrical  silnulatio]ls  sw f o r  cxalnl)lc  iMellcguz7i  et al. (l!]S 1), II12LII(1(111)IIIG

c1 al. ( 1 9 9 0 ) .  l{cce])tly  Ossclldrijl’er  (’1 al. ( 1 9 9 6 )  (Iclclo])d a solar  dyllalllo  IIlodrl  Ivitll

a s tochas t i c  killctic  llclicit~..  IJluctuatio]ls  of tllr killrtic  lle]icit}  excit(’ o~crtollcs  of tlic

l>asic modcof  tllelllean  Illap;l]cticficld. Sclllllitt  et a l .  (1996) llsml lnagllctic fl~lct~latiolls

as a stochastic forcing  co]ltrol  of tllc  (ly]lalno  lea(lillg  to grand lnilliln?i  ill solar actil.it~”.

l’luctuati]lg  mtignctic f i e lds  arc ]JmcIIIcd  I)y ralldo])l  convective  lnot ions. ‘1’IIc  gcllclat io]l

of fluctuating lnagiletic field is less (lclllalldillg  tlle]l that of tllc  IIlcall  field: alll]ost all~

t lllcc’-clilllc1lsiollal  rancloln  IIlotiolls arc cf[icicl~t  (NlolcllalloI’  ct al. 1 9S-4).

2. Flux emergcllcc  as a threshold-crossing phenomenon

II) accordance Ivith tile cllrrcllt k]}olvldgc,  lv( assulllc  that tllc  largescale solar  ll~agllctic

field is gmleratwl IIcar tllc  bottoll)  of tllc  mll~’cctiol)  zo]lc l)y joint actiol]  of tllc  diflirclltial

rotatiol) and helical colll’ccti~c  II]otiolls. ‘1’llis locatiol]  o f  tllc  solar  dyllall)o  tvas ]Ycelltl}
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ATI importall( fcatuw o f  flllctllatiolls  i s  tllc  alJseIIcc  o f  aII UIJ])CI lill~it  011 t]}ci[

lnag]litudc.  Altl~ougll tllc  i’ariallce  of fluctuatiolis  is lilllitd,  say l~y tllc  ului])artio]l  l)ctIYwII

tllc  ki]lctic  and ]Ilagllctic  c]lcrgirs, t IIC occurIrIIcc  of large raIIdOIII dmiat  ions is rest rictd

Olllj’ I)Jr tllc  for]ll of distril)lltio]l  fllllctioll  of tllc  fl[lctllatillg  field. ‘1’llus. frol]] ti]ne to tilllc

tllc flllctuatio]ls arc stro]lg  cIIougl I to ])cr]l]it tllr ]I]agtlctic  flux Clnrrgellc(.  \\ ’itllollt tl]c

lllcall field, llo~l’ever, tllc  distril)utio]l  of tllc  clt]crgd  fic]ds 011 tllc  solal s[llfacc  ~voul(l l)c

l)U1’C random. ‘I’l Ic II ICaII field, lx’illg  Iltl(lc]-tlll(’sllol(l,  ]Jla~’s a c ruc ia l  ro]c ill orgallizatio]]

o f  ol~serl’d  solar  cycle  r e g u l a r i t i e s  (I{llzll]aikill  1997) a]ld causes  tllc  ])crsist(~llc) i]) fllix

c] I]crgcIIcf.7,  i.e. tl]c  clllsterillg.

3. A cause of persistent, flux emergence

nut Jvllcrc  do tllc cllll~lllc(’]11[’ilts  co]]]c frol]~ ? ‘1’llcir origil] call be j u s t i f i e d  a$ folloJys.

‘J’lle  stmllgcst  col]l])o]lc]lt  l)IOCIUCC(I  l)y tlIc II IcaII-ficlcl  dyIIaIIIO is  aII z(xis~]lll]lct]i(  toloi(lal
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field. ‘1’llis  field

]Jcriod. ‘I)hus at

as a toIoidal  be l t .  It is tllc  stal)ilit~’ of tl~is  lw]t tl)at  lIas lKYII s t u d i e d  ill tllc  illstal)ilit}’



.
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d a t a  (for tllc  latest r e su l t s  aIId rt~fcIellces  sw lioso~icllc~’ et al 1997, fig~lw 13).  ‘1’IIc  radial

gradient  of tllc aIIgulaI  ~clocity  slIo\vs  a IIoticeahlc  latitudil]al  del)clldcllce.  I t  i s  stmllg

{’llougll  at (iO dcg so t]lat  (7’/ A7)LJfl  is COIn])aIal)]C lvit]l  Q aIId ]ICIICC  t]lc CIIIIa  II CCl IIeIIt S

Jvould IIot sumi~’c IIIOIY7  tllall  OIIC mtatio~l. ‘l’llrgmdicllt,  lIOIVCVCI, (Iccl’(’ascs  to\val’(1 tll(’

lolvcr ]atitudm  and eIeII  C] IaTIgm  tllc  sign at shout 30dcg.  llellcc ill tllc  l a t i t ud ina l  wgiol)

around  30 deg tllc  ellllallcelnellts  of tlIc II ICa II fic]d CaII sllri’ivc for IIla II). sola I Iotatiolls.

‘1’his  gi~cs a c]ue to tllc oIigill of tllc  lollg-livil~g  clllstcrs  of acti~rity<

4. A llloclel  of flux  elnergence
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IItLgl(’ct  a time IIcdd to a fl~lx 100])  to tI’al’cl fIOIII  tl}c l)ottolll  to tllc  to]). ‘I1l IC ])arallletcrs

c and  0 arc illtroducd  to silllulate difl’rrcllt  \wllIcs  of t])c IIleal) field altl])litudc aII(l tllc

]loise lz-iriallcc.  1“01 the sake of silll])lificat  iol),  tllc  sign of ficl(l  is IIot il)cludd  so that  \vc

lllodcl  oIIly a lnagllitudc  of tile  clllcrgillg  flllx al)d d o  IIot silllulatc elncrging  hi])olcs. lt i s

clear that the II UII1lKY

altlloug]l  thcw Jvill be

al.)o\”c  t 11(’ t hl’cshc)ld.

of cmssillgs  dc]wllds  011 tllc  l)rol)al)ility  distril)utiol)  o f  fluctuatio]ls,

soIIIc cross i]lgs foI aIIy distril)ut  ioIl f[lllctioll that lIas lIoII-zcM) Jralllf’s

A  siln])lest  choice  foI tllc  distril)utiol]  of flllctuatio]ls  is tile  IIoIIIlal  (Iistlil)utioll.  \fTc

used  this distril~utioll  ill IIlodclillg.  ]lotYcI~eI tllcle is 110 j)llysical IcasoII to lll?lli~ this choice.

ol~scrIwtional  stllclies oflilaglletoglalll  ssllc)~vlllat  tllcsc)lall  llzlgtlcti  cfi<l(lisllc)t distlil)lltccl

lIoIInally  (I,alvwl]ce  ct al . ]9{)3).  ‘J’]lcolctical (OIlsi(lcltltic)lls  slIo\v t]tat  tllc  distlil)utioll

fllllctioll  of clyIlalllc)g[Ilclatccl  IIlagllcticfields  is IIot cx])ccte(l  to lJC IIc)IIllal (hlolcl  I?IIIol ct

al. ]9S-4, l“illll  & O t t  19S8). ‘1’llc II)aill  wasoII is  tllc  fol]oivillg. ‘l)l IC IIol[t Ial (listlil)utioll

cllalactc Iizcs tllc  addit ive ralldoln  ~wrial)lcs,  SIICII as ralldoIll  exl)erilnelltal  crmrs. ‘1’llis  is a

cc)llscqucIlce of tlIc ]alv of large  II UT II I) CI’S. ‘1’llc IIlagrletic  field ge]leratd  l)}’ rarl(lolll IIlotio]ls

i s  llo\vcI’I’r  IIc)t all a(lcliti~~e  1>11(  a  llllllti})]icati~~c  Iwtial)le  (hlcJIcIIaIIo\.  et al. 19s-1). ‘1111(’

(list lil.)utiol)  functions  foI lllultil)licatil’c  I’arial)lcs lIaI’c IIigllcl tails, i.e. IIigllcr l)rol)al)il itics

of stro:)g  flllctuatiolls  coIIll)a  Id to tllosc  l) IWCIIICCS Ivitll  tllc  IIOIIIlal distril)utioll,  [’1’0 I)ett(’t

ulldclstalld  this point  take for (’xaIIll)lc  a IIlllltil)liciltil’(,  I’arial)le ~vllicll is a ])rod[lct  o f

l)or])lallj’ distril)utd  larial)lcs.  ‘I’l ICI I tl)e logaritllll)  of this l~~ultil)licativc varial)lr  \vill  I)r al)

adclitil’c  \z3rial)lc  obeyil)g  tile  IIorlnal  Ia\Y. IIe]]cc tlic varial)le  itsclfohcys  to tllc  log-I  IoIIIIal

la~v.  ] 111 tllc IIunlcrical  cxalnl)lc  I) CIOIV Ivc al)l)roxilllatc  tllc  IIigl) illtellsit)  t a i l  o f  tl)c

distrihutio]l  b)’ all Cxj)ollclltial.

l;i~urc 3 Sllolvs a sl)al)sllot of a Ilulilerical  sill)lllatiol)  011  tllc  squaw area /c/  =- 1,0:  lb.

‘1’lIe tllrcs]lold  (]ltlL)  is  takcll  a s  a  unit  for tllc  field alll])lituclc. ‘1’lIc  ]llagllitll(le  of tlIc
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IWSIIOIC1.  ‘1’IIc  fluctua(illg  fic]d is cx]mnclltiall~

clistril~utd  lvitlI  tile  Jariance CJ set to 0.2 of tllc  tlIIrslIol(l.  ‘1’0 siltlulatc tllc  IIlagllctic  flllx

(lisal)l)caraIlcc  (due to recol)llectio]ls, diffusiol] and  lift into  tllc  coIoIIa) \v(’ tiss  LIIIIc, CIllitc

arl)itIary,  that  ci’cIy  flIIx distril)llt  ioIl, SIIOJVII  011 OIIC of tllc  l)allcls ill l;igule  3, is a sLII]I  o f

]vllat IIal’e cIJl17rgd a t  tllc gi~’ell IIlolncllt  })Ius tllc  flux left frol~l  ttvo j)r(~l’iolls  ste])s. ‘1’llc

11111  HIXT of thcs(’ “II1C1I101’J’” stq)s call 1)(’> o f  COLIIW, cllallgd  to Iwttm silllulatc  tllc  solar

collclit ioIls.

111 spite of ralldolll  cllaIactc  Iof

of tllc  ]Iiddcn.  sul)s LlrFdcc distriljutiol]  of tllc  IIlcall  ficl(l.

5. Discussion

‘J’llc  sillll)lc IIlodcl pmscIltd iII th is  ])a])cl scIiTcs as a qualitatilc  (I(lllollstltltioll” o f

IIolv actiic regions  could  pcrsistcllt]y  result  fmltl  IaIId OIII flllctllatio]ls  su])cIl)osd  0 1 1  a

till] escale  due to

Our a])])roacl

llcdiffme]ltial  rotatio]l at tllc  Imtto]ll  of tllc co]l\’cctioIl zollc.

t o  Cx])lallatioll oftllc  ])(’lsist(llc(of  (]]lcrgi]lg  flux lIas to I)c co]Il])alc(l



llritlI  tllc a])ploacll  basa l  OH ])clcolatioll  ideas  (\l’clltzel  &ScidclI  1 9 9 6 ,  Scidell  S- \\ ’(’Ill  zcl

1 996). ‘1’lIc pcmo]atioll  mode] starts  Cwln])utatioll I)Y raIldoIIIly  dcsigllatillg 1 ‘Xl of cells 01)

a tJvo-clilllcllsiollal  region  as active. AI I actiw CC1l tllel~ cal)  induce activitj  ill i t s  llciglll)or

c(II1  - like a twc lIops a fiIc t o  auotl  IcI’  tmc ill tlIc fowst  fire }Vitll a plcscril)d  stinlul:ltd

]Jloljal)ility  I{f. ‘1’hc flux disap]wars  l)y dif[usillg  frolll actilc  cells into  clll])t~ cells lvitll

allotllcl  ]Jwbahility  1). ‘I’l ICIY is also a slIIall  s])olltallcolls  l)wl~al~ilitjr  1~,1 to Su])l)ol’t  llciv

actil-iti’o ‘I)llc asslllll])tioll  olI IIo])pillg  tllc  acti~it~ t o  Ilciglll)ol  cc]ls i s  cr~lcial  for tllc

cxljlallation  of c]ustclillg  of tllc  elllclgillg  flllx. ‘1’IIc  ]nodcl  is justifid  c)l)sclvatic)llall~ I)j’

fitting  tllc  calculated size distril)lltioll  of actilc  mgiol]s to tile  IIistogralll  I)llilt  frolll tlIc data

011 acti~’c regions  (}larlej~  & Z~vaall 199;3).  A li~~ (for tile  ])erco]at  ion Inodcl  ) illtcr])lct at ion

of tile  ol)sel’~’d dist ril)lltioll  is a 1)1’(’?lli at al)out 15 — 20 dcgz t hat sc])alat  c slllallcr  scale

])o~vcl-]a]v  and large scale  ex])ollcllt ial ljclla~iol  (Sci(lell & l\7cllt  zcl 1 996). ‘1’llc i(lcllt  ific?lt ioli

o f  tllc  m])onclltial  distril)utioll  fmll~ tllc  olwrl’atiol]al  llistograll],  llo~vet”er$  i s  not q~litc

certain  due to a slnall  II UIII1)CII of tllc  lalg(~-scale clllsters. (’1’llc  author  aClillO\YIC(lgCs  t i le

discussion of this lwillt  Ivitll  K. IIawcy.)



sca]c cal] be idc]ltifid  }Yitll a characteristic scale of tlIc ]Ilca]I fic](l Cl]llnllcf’l]le]lts.  ‘I’l Ic size

distributio]l  of tlIcse  CIIIIa II CCIIICIItS  C;III, ill IJrillci])lc, I)( found  fmlll  tlIc illstal)ility l~~odclillg

and compad Tvitll  tile  OIMCIWCI  dist Iil)ut iol).

‘1’lIc Jvolk Ivas ])crfoIlllcd  ill ])art for tlIc Jet l’m])ulsioll  IJal)olatol’)’. (’aliforllizt IIlstitlllc

o f  ‘I’ccl IIIology, UIIdCI  a collt  Iact  Jvitll  tllc  NTatiollal Auollautics  alId Slmcf’ .*\cllllitlistl{ltic)ll.

1 tl)iil]li  J. l~cjrlllnal~  for llcl])f~ll  cr i t ical  COIIIIIICIIt  S.
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